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(54) MULTILAYERED OPTICAL DISK AND 

RECORDING AND REPRODUCING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain sufficient 
reproduced output from information recording layers 
existing in the second layer and the layers above it by 
using a phase changing material as a recording material 
in the information recording layer of the first layer 
from a transparent substrate side. 

SOLUTION: A recording part 5 consisting of the 
information recording layer 2, a transparent layer 3 and 
the information recording layer 4, is formed on a 
transparent substrate 1. A protective film 6 is formed 
on this recording part 5. The information recording 
layer 2 is composed of three layers; a dielectric 
protective film 7, a phase changing materia! film 8 and 
a dielectric protective film 9. The information 
recording layer 4 is composed of four layers; a 
dielectric protective film 10, a phase changing material 
film 11, a dielectric protective film 12 and a 
reflection film 13. The information recording layers 2, 
4 of this multilayered optical disk are subjected to 
recording of information signals as rewritable signals. 
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(57) [Ufa] 

2S@^Ji(0<f#lE®«4^P>fc+^«C^tU^^ 

Jtsf i: LTliS e^*/U=y^-f F, T e 0.*Wig-C& 
5. 



(noi/nei )+l/5( koi/kei ) = I0 
50 : 




0 10 20 30 40 50 
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1 

-h!E3g9Ha«(!ia><b4>/<£ < i: 1 M I ©titffifBgUirau 
7 0 O teiTTfcS r k SrttfR £ i" 2 IE® 

its** 5] &mmM*m&^%mt.\\Mi&\^ m 

I{biS^5 0 0 n s e c WTtfeS ^ k 5 

u, Al, Ag, Bi, Cu, Cr, Co, Cd, C 
e, Cs, Dy, Fe, Ge, G d , Ga, Hf, I 
n, K, La, Li, Mn, Mo, Ni, Nb, Nd, 
Na, Os, Pd, Pr, Pb, Ru, Rh, Rb, S 
n, Sb, Si, Sm, Sc, Se, Te, Ti, T 
b, Ta, Ti, V, W, Y, Zn, Zr©'>4<t1> 
v vfjta* i ttSr-^tr r k k -t 5 It&K 2 |E«©# 

#fi 6 fBi&©#/f #x -f * * o 

2m<om&?zmmiz£<>xffi!&&tvx^z>z.k&!$mk 

-t"S»*« 2 IE*©***?* W 

/*^3tt*fls*m©, tt*JR«-e©S»** 1 0%«± 
■C* 5 , Hf AKtt&^AS^tffi-eo^SiB^ 4 0 % 

K-L-efc* r. k &W®k-tz,m&ig. 8 sa«©*Jl*5*-f 

in*m i o ] snascoii^ e> 2 ji s ©wwem & 
#wws«aMt*m©» ns*!W»T?oa»**s3o%ui 

u , J^S^ffiS^sa^fig-e^^KJR^^ 6 0 
5 r t 5 it** 8 »•©*«#?* 

lit &n 1 1 ] ansem* e> 1 a b ©**»»■ * 

5 ttKft*m©|£ Atttt £ # A JH*tt-C©Kft*©Jt * s 



1. 5«±-C*5r fc*4Ctt£-*-Sfir*9( 8 !&*©#/■ 

[SIM12] 3fflraiHft>&lJBB©flMMBMl* 
flS/fc-rstiggfls****©©, j&Afttt-c©/B*r¥n c„ 

[»*3®13l 39!&TOUa>blJBB©W«MEflUB«r 
*MW-S*lSHfc*m©, #AKtttt-e©JB*r*naK 

10 iH^fiigck a.tfS, -€r*t-mn a ,g 7 . 0, ka,^ 

4. oxio2>z.k&<ft&k-fz>m*.ig.8mme>&m)>tf : 

5 ti^-f £#**©> jl*A«tt-C©JB*f*ncu » 
«««:kcAW*AK«lll"eoJB#f*na I » ffittffft 
kai* 5 , 1/5- (nci/nai) + (k Ci/k 
aj ^lOSfeli (nc,/na,) +1/5- (kc, 
/ka,) ^ 1 0^S*#Sr}ifc-f Ci^Wfftfc-t-ilB 

20 3HA%Mft>&2JIB©fflrfflBftJI&' 

#J*-f-*««ftsH*h©, J»AttttT?©JB*f*n c s , ffi 
S^Sck c^, sttvetll. 0Snc^8. 0, 1. 
OsSkc.^7. 045*ttt*fctri:t»ttt5 

SfisSkaA ^tiv^ivl. 0^na,S7. 0, ka 
2 ^5. 0***#t«lfc-i-ri:tWRi:r«lll**8 

«i*-f-*«awfc*m©, »Attin?©»*f*nc,» ^ 

^«S5ck Cj XO?#A»«fl8t?©®*f^n a 2 , ffi«filK 
ka!#, (nc/naj + (kc/kaj ^ 4 & 

lit i 9 ] fiKft^mfrcmm&tsttttiMi 

ft 1 ©RltttftWfc. «»bimi!t» ft 2 ©sis 

[ft3k9 2 o ] K«ft«nR©Me9i^^. o . i j 

/s e c • cm • KW±-efcSr ktrWkt-t&mi&i 
l 9dt©#JI3K9*'r^^. 

[M^S 2 1 ] i2®g|5©S_UII*. SMK-c*>-5 r k 
2 2 ] teKfc^*E**m & -TS WttG* 

ftHKWR. ft 3 ©simfrts^is*5 r ©mca® s ^-c^ 

50 rt4JtTV*5r£*rW«^:■^SW**le•©*JH#'? , 




3 

im&m 23] m3 <Dmmft&mm<ommmm&. 

0. 1 J/s e c • cm - KEt±7?i)5ri:^»J:t 

SI*. fE®SB©ftJJISr6fcV>TSBl©pS#G^BI, ffi 
£Yt*mK, f&2©ftm#{fcgB£, ?&3©^®#«&I8I 

#r©jff£8ijisivt«ijft£*i, sjji cotimiEgyi 
i4, s& i ©strnfl^si, tiiHbfmjR. m2<omm# 

t Sr#® t i-5ff 1 fE«©^S#:r -f * 
[f»5fc« 2 5] $g 3 ©flB^SMOfgie^^^ . 
0. 1 J/sec • cm-KH±-e<b5rtS:ilttt 

*m«, fR 2 BtttfftRKK J: 9 * * tfs 2 jVM 

sw^ffidia* i m a ©nmeMB «, m 1 ©K«#ffc 

SK©KJ¥*S 100~200nm, 4f fef&mflEOJft* 
10~3 0nm, £2©M«{^MR©IHJ*a'l 0 0 20 

~2 0 0 nmT?fc5i tS:#ttt5»*5l 9fH«© 

[m&g 2 7 ] mm&smtt 2 jb a ©umiasui 

14, IB 1 Rtt{t«ffK«>RVifti 80~200nnu tBgg 
fl5*flSHR®W*a* 1 0 ~ 3 0 n m, |& 2 ft«#{*gBI© 
Kff *5 1 0 ~ 3 0 n m -Cfc 5 r t Sr t "f 2 
eC*©^*?*-* 

[n#s 2 8 ] mmmvLWfrb 1 jb b ©fimBESuaj- 

14, iiB***»*V^I4##**.mB**fcJ:oTW«fll 
-g-©efttffrfe*l, 2j|B©ffirmBMK:i4, 30 

#5£, iiis^S:*>sv>i4##^xRrie^S{cioTffi« 

flH§-©B*!WT*tfu* - 1 *r«*k-r*lt#« 1 1B«© 

[flt&S 2 9] 2IS ©IMMBflUItt, 3lHtt$UBtttt 

tWRi 2 8fE«t©#Jf#7^;*^. 

[ft**3 0] Efttttf, 2JB©flMMB«IfcJ:<>T 

flu***^ an£*HMa»& 111 ©mHBflUBicttiae 

SM&«2 8EtO*l*^^^. 40 

[nt&B 3 1 ] an£«ftia>g> 1 « e ©tit ^fasyi 

tt, jAffidfefcttSHb^R##AmiB7fc^ r© 

T ttf*flH9-©B*a*frteh,a r 4: £ 2: i-<Slff*3i 3 
OlE*©***?** 

2] 2 JB&J:©ffittEMI 




4 

srt-c, *«*B«JBi!i#i-sflMiflr#©E«kaif/ 

ft, 

I*iH©»lB*lftfil 
[000 1] 

m aieem «t o run* £ ft 5 #ji3t -f * * (cii-r 

[0 0 0 2] 

[?§#©&«] 3fi¥, VVbt$>5"<<VU:^X^T©il&fc: 

#V\ 7*i?^/H(iiii©«t 5ft***©flMR«r3t9&5S 
»iP±C-t*3!K £©J:$****©flM**»aru 

[0003] ftT^^te, ^^^Ar^-fe^^Ritet? 
iB»wfta6it*»6>©«i9abi9«i>r« 

b^^ns-r s tc mz. f4 i ft* -ew-h©#s©te« 

[0 0 0 4] r©«fc 5&)fc7 ? w;*;5'l::*5V , >-C, 2j^5c^ 

Gn?©E®fei*r4, Jlv^v— !f)tSi©ft/h^Ji«y h@ 

*NA©*i^t:*SHe>JxTV^ 0 
fitt«fl: J «**V'>'X©PBp»NA©*l!^lsKil4; Sffi 
Jb^JPSd5fc») , 2 0C7E*r^-C©IB®fl5«©[Rj±J4|iB^t- 
# TV ^ ©dS^^-Cfc 

[0 0 0 5] r©fc«>, 3 0c5c*lR]-e©IS^aSrl«^ 

[0 0 0 6] r r-e, ^-^^^©WttGMil^, ^ 
at>WPkS*tfc*«Mt-g-SrH*i-*tf»t©lf*»ffl, 

-if tc j: o r — A*r rt««Mt-»©»* «rffi^ciiiE 

W«flni-©»*a*, ii*^«fe*)igbtT^5##^ 
^.nrtBffldSfe>), *©J13ftic^te*ri««j*«lsFa»Wi 

[000 7] JhJS© i 5 tmtCMfrMKfll Ufc 

AMI 9 , »*-&-*»*-rflW 

*t, Jr{*:6<JtC»4, S^*«©it«fa®^Sr2SWSbfc 

[0 0 0 8] 

^^-CI4, #W«1BMfrEB>Jb"Cl|lr«Rfll#©8B»ff^ 
«rff5iMS!9**>*. w©i5*«*«*©B«?f4«:, 
ffl», u— !f36SrfytLfci:#©«lJ«ffi«!J«, 




5 

lSg^ffifB^Jc^Sr-g-^-frfc^-fctt. fife© 
otV^S 1® @©1W^1EiMi(£*f L"C©3'-ffifSfit"8" < £ > i2 

fBSUiK*f L-CO^ff #{i#©fEgtf?£;6S*Tfc>H5 r. i: 
[0 0 0 9] m?, IS]Sift5©tt, 2Sl©it^lS 

*IUf. £^iu*2;iBj;f) fcJJi^c;fc5«&l^@ui^;s*f■ 
^5^t$gm-§-©is®!^^^^fc-c;^l>5o 

[0 0 10] 2SIO«^|EfikSfc«:, lSicDtimfE 

-iffttt 1 m B <o1f^iB®^tc i: o T fc •SmftKHK $ *t£ 
fc«>, 2^S©^«fa®e(cH^cMI*$ii-5 V— !f3t 
©W£»5^tt}«Lfci:£©3!li««k 9t^<*5. 
2^a<oW«iB®^J;iJSWUfeKW)tli. l€ 

ft, S3tSC-CS:3fe*^53t^«:, 2 ;i B ©*$81E®U1 

[0011] Sf)l'2IgJ;i)tiil(-fc5nliOffif 
«IE&S-CI*. (n-1) fi©timiEfiUI£iSj@L-CU 
— f*««flM#**U *©fi###tt (n-1) ®© 

[0 0 12] Z<D£ p ^ 

1* 2 JI B J: •) t> _Ui K fc 5 te$BIB4§Ul T li fig kiftm 
St. 5 ©^SITe, -HMeW£aWj*M& 

[0 0 13] ^gHfctr©* 5 Jfcf£5fe©3Hffc: 

tt*T«£$*ifc *>©-?*> 9, S$W^2II, £k 

i± 2 m b ± •? t> ±m fc 5 tMRiBMi a» ?> t. 

[0 0 14] 

[$Ug£fl?8H-5fc«>©#®] ±ie<Dg6<jSr^-t-Sfc 

[0015] ttrntttwii. -&Kytm&m*m^tc 
«>, r <r>temmw&&mwfrb 1 s b ©timiHguiK 
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fflv^t, -©l® B©timfEgUf Srilia-f-Sr ilcfc 
5tt©®Sa5'h£<«i;t£>*u5„ r©fc«>. Z<D-Uzffi 

r. ©tit&fafiUi ©£*btas-H)-fc3a*-eg3fc $ frs 
<t 5 i-^c ►> , igB©<#$Rfs«lUfa><bra:M&©r 2 
a b Ki-t ©tit $&iB@ui ^ +^t£W^.m-^mmtm h 

[0016] i ©<fc 5 te&mfty*-* * ^ ©#tif$&|ESyi 
^©«ffim-§-©fB^RUt/*fcl4S*tt^ V— ffJfcSrflR 

JiIB^^^^^©#^«fH®®JCV— !f)t© 

[0 0 17] 

HJS©^lcov^TSiW-r5« 
[0 0 18] r©HJS©^ftg©^3tx^^^li. Dfla 

t, #1t«IE^©ra^«:M[!h^^-vdS^$^fc3S 

ws^ffi-rs. r©± ?i£&m%f-i 

•fsri-e, ^H^©if#ia^(c|BSt$^cW«ft 
[00 19] ^©^/DtT^ ^tcjsv^-c, 
(PMMA) ^©T^y/^«JJiB«t*)^ ■57*7^^5'^ 

30 ^laot, «#©#-a-»ct*7* hsKy-^-jfe (2 p 

[0 0 2 0] r©&KJ:^^$tx,SIS®gPtt > 2M&L 

[0021] ls®«•)|s^{cfflv^^^^•5ffl^kt^•i|s^^: lt 
^A^fiit#a®^flst©K-cffi^k-r5^-r^© 

40 [0 0 2 2] ^J^.«x^^ 

? v ><ymK£iXf$.mz*itci&&. &.mm&x#£km 
lia^ffla^^v—if^sr^w-rsts tow ifftaMft 

50 5i t-e^m$tt-5c 
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[0023] ^<o£ot£94 7<n>nmmPt*WR-irz> 

[0024] #*p!shc n te&mm<omacX{k*m 

[0 0 2 5] mm.. f&ikibm&, 

[002 6] -tftfrh. 1&mV&1&<nM&.tt.. 700t 

[0027] *3ik» ttxtbtmottAflsaAi*, 150 

[0028] 3 tl^fc*t**0>J|gA<fbi££tt, 5 0 

On s e cWTTNfc£<DtfSg*LV\, ftvV * <Dil&5I 20 
Sli2~2 0m/sec©j6i^fe»), 4 

n5fflH50~500ns ect45 0 r©i5 4fig 

fts&iV&mn 5 0 0 n s e c «T"efc5r t &!&W?&> 

[0 0 2 9] fflgE-fkWJPI-i: L-CI*. Au, Al, Ag, 
Bi, Cu, Ci, Co, Cd, Ce, Cs, Dy, F 
e, Ge, Gd, Ga, Hf, In, K, La, Li, 30 
Mn, Mo, Ni, Nb, Nd, Na, Os, Pd, P 
r, Pb, Ru, Rh, Rb, Sn, Sb, Si, S 
m, Sc, Se, Te, Ti, Tb, Ta, Ti, V, 
W, Y, Zn, Z r<0'pt£< th~ aSr&tffc^SrJBV 
Srt*sa*UV^ -?r©.J; 5 LT«, SbSe 

mt&to. S b S e S i mk-&t&). I n S e 
I n S e S i SHfc-g*, G e S b T e *-ffc£-^ A g I 
n T e S b^-ft-o-ifeK A s T e G e SSffc-g-l&K T e G e 
S n ^-fk-g-ife, T e G e S n OJR-fb&ft, T e S e 3Hfc; 

SnTeSeift^ TeGeSnAulft'S' 40 
«k S b T e S e 3Ht<g-<8u I n S e T 1 Mik&Vo. I 
n S b I n S b S e mtSVo. AgZn^ 

C u A 1 N i I n S e T 1 C o ^-ffc^), S 

iTeSn^k^ fc5VM4TeO, (0<x<2) 
§©ft8W^ilf^, *^W^I*SbaS e„ G 
e.SbJe, (1^6 0 0^ jjglMfciU? 1 7 2 
*£itMt:i£^5 0 n s e c) ^fc-S,, :©HTeO, 

Sr^-rswic^j-efc-So s i aMsansti/ci* 
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[0030] r*tf><DfB^t*m&tif $8fE@Uf <OiE»# 

[0 0 3 1] -T&*>*>> ^Jl^fc^W**!;^^. 2M 
B©til$81EgUi. S feint* 2 A 1 ±9 fc.hJSK:fcSnA 

3<Dffimmmm-viz. t>Tm\ch?> (n-D 

fc, mP>1f^lS^S*^S«$nfcSW^tt, (n- 
[0 0 3 2] LfcdSoT, JJltcfeSlimiESiUU-Jit* 

fit, me><oitSr%«-r^r ids^t?$>2>„ 

[0033] tii£imw&umtnk-rz> 2m 

tc-fSt, S«ffi!l^e>lS@<Olf«|B#S-e«:. IBAff 
^3tJ-*|-rSilSS5K^-e<OS:W^R c ATJftW&i&T 
c„ ^AS^«t?cDSW^Ra,X^Sia^Ta 

[0 0 3 4] Rc^l0% 
Rc/Ra^l. 5 
T c 1, T a ,^ 4 0 % 

««{ffl^t>2ea©t»aiB^t?tt, ie»s^ 

WM^R a A^KiR^A a Hk<D 
0kft&ffitc LTV>5 r t i>m* LV\, 
[0 0 3 5] R c 2 S 3 0% 
Rc/Ra^l. 5 
A c 2, A a 2 ^ 6 0 % 

1 m i »<»«IE^(-*3V>r, SffifiT?OH«^R c 
,R^ftK^-C(DK«^R a 1 tiSMfIffl©» 

?>^$tL5fcco-e*>t). :otc„ Ra,*sjife®ffl 
[0036] iAc isa^w^ia®«tc*3JtSifeft^ 

Tc„ Tai*s_hlB©H^-t?feSt. lJISOWttCflk 
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[0 0 3 71 2SB©«#IS®SJC*5V^, i£<ffi 

C#5<t 5^5££;ix5fc<E>-Cfe5 0 r©Ac„ A a, 

*s±iB$6H*^^t-tt5 1 . 2iis<Dt9$8f5®yifc:*5v^T 
[oo3 8j 2jBeoflr«eiMii^rtsi»aK 

tg-?<Z>SJfts$*R c .lUJWAflrttffi'TOKJWR a ,1*. 
„ Ra,!^JiE*Bffl!6»e>^-ix-S»^-^tt2Sa©ffiaSE 
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* [0039] ^<D±9 *«*B«S©**W9itt:. ffitt 

[0040] CMP**, ^ i i-^-r <t 5 &mnt, 

[004 1] 
[351] 



1 J§S<Dlf$8IBtiMi 



S*^tt#«llt/ *8£<bttttgt/ MttfiMHR 



(ZnS-SiCte) 



(ZnS-SiCte) 



100~200nm 10~30nm 100~200nm 



3fc3M#t£: Rci^109£. Tci,Tai240% 



mm. 



mm&&mm/ m<mnm/ &mfo%mm/ &ms.mm 



(ZnS-SiOa) 



(ZnS-SiCte) 



(Al) 



100~200nm 10— 30nm 100~200nm 



150nm 



Rc»^30X. Acz.Aa 2 ^60% 



[00421 S1 <OlffttCMe>4i£fc*m = 

1/5 (nc,/na,) + (kc,/ka,) ^10 

(nc/na,) +1/5 (kc,/ka,) ^10 

JB2®1ftttGM04l£ft*m : 

(ncs/na a ) + (kci/kaj ^4 



30 



n a i 
k c, 
k a, 



n c 2 
n a 2 
k Ci 

k a, 



«W6H-c**.tf, m i ©it $aiegui -era:, n c ,s 

8. 0, kc,^5. 0, na,^7. 0, ka,^4. 

o ft«*#sr«fci-ttaefl5tma»«F* u < . s& 2 onm 

ISg^-CJi, 1. 0^nc^8. 0, 1. O^kc,^ 
7. 0, 1. 0^na,^7. 0. ka^5. 

[0043] ft4S, lltSHIrnc/na.a, ME 
WSrk c,/k a,t UT, #ffi*a^-fWlS|-©n c„ n 
a „ k c ,, k a ,Sr7*o s> I- Lfc^ttESravt* „ 4 



40 



50 



a 2 £ Lt« #®fB^-ffc#)|s|-<£> n c„ na 2> k c 2 , k 
[0044] ffiattOT^Ott^MMfe^lKtftWti: 

5 fcbTt>&v\, 
[0 0 4 5] ffi«it*mBI*r-tTa»6>»E*atP 

a*) u:**<fWi-*-s. 

[0 0 4 6] ffinmt&te. -»Mtuc< 
hot*. r.o«2oii«^nR«>ow«iffv^a. « 

[004 7] z.(om&. u—^yt^m-t^mmti^i±-r 

[0 0 4 8] r©.fc 5ft ?»©S«Sr»;i 5 & 
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[0049] &mu<o&±mbt£Ztfm%zm 
[oo5o] t£ts % &±m&.fi\-<offimmm%ia*. &m 

Rtom&&V 5ft*> 9 K» IS 3 ©^iSttifc^BI-Sr^tt 5 
J: 5l£L-Cfc&V\, r©S&3©MS#{£Sffili LTJttfc 

ttstae^©*#ftt>©£fflv\h,ii, m<o&m*®m£ 

mfr&mm t &mBMm<r>m $ e> 3 ©ft®**** 

[0051] t^A,. m3<r>mm#&mm&mi-r 
k» tKiofi*flE»nR. £ 2 ©*»«#&««& ltm 

£c«*©nv*t>©*j9v*&J:5lcl,Tt>, 1&<DWm&± 

[005 2] fftt{raKK©*tt}fc UTIt 

ai«©&JK>s i «®¥*ft;7c*a>fttt«K Kfb 
*, 8Mb*, «*tfZ n S-S i 048&#m#¥lfb 
tiZo **5, »©14«aMlSr}H«F-r*»#K:H:, Al, 

N^S i C^©??&iK2g^©ii5V^©£;BV^©fl s M* 

[0 0 5 3] ^MRSimt Ltli, A K Dy, Au, 
Ag, BiSe,^ ZtlbbTi, Cr§©^4^ 

[0 0 5 4] *fc» 1lMMBMi©BttttttK:»:> feKfc 
[0 0 5 5] WffEflMI-COJMIjAa. £Lt© <fc 5 

I o o 5 6 ] «*. « , *sm»# 2m<omnm®m xvm 

i<o5?)l«»?) 1J1 S©fit$BlESiUf s& 

i <offimft&mm, &mamBL&xm 2 ©fi®#«& 
fit* 9 & 9. 2jBB©flt«eM**. ftiovsttttftv 

4>c>feS»S-K:tt:, ^fr^;ft,©S©BWtt#:©<fc 5ft& 

[00571 H <Dmm.m®m<owm-Mf& 

m 1 ©flftttifctiffi : 1 0 0 n m&L± 2 0 0 n mgTF 

tiaMbttWIK : 1 0 n mHI 3 0 n m«T 

^ 2 <DmMft&mm ■ l 0 0 n m£U: 2 0 0 n mUT 



12 



in 2 <Dtftmm$m<ommffi&. 

m 1 ©$S®#-»^K = 8 0 nmHl 2 0 0 n m£TF 

tt&ftM&iSi ■ 1 0 nm&.±3 0 nmWT 

&2 0>BttttftHR: l 0nmP;i3 OnmJIT 

10 A£LTtt^*©EflM'fTi»h.&. 

[0 0 5 8] ##«lx.Hrtgfflti--5#^{cii, fifcBlttffi 

[0 0 5 9] iifEffli:-rs»^-^tt. r©<fc5K 

«Ji(MfcSrtTo>k*KB»try h J: 5»-LTfc 

ttttKttKfc 3 * Z> n i TIB® tr y h t 5 J: 5 
L-ct>«*>*v\, *#©i*e\ tfl#Hfclfef£©#IWtf s ^m 

10060] ^ErL^ r© 1J1 B©1#«lE®g_kfc:f;}u 
[0 0 6 1] :i©2JIB©fflr*HeflUI\ $f>lcf*2®S 
[0 0 6 2] ft**, fl»«GMHQ±©IRIKl^«E$«53 

30 5, IftWICliaOfjmHlirt^rtWJU^ S 

K^©J53ds*)*f?*3a^5t, jsi©fflr*MEflmft>€> 

©K*fft&. m2©fflf#|E®S^t,©SW3te* s +^{-^- 
fcS„ )fe*5> roSWItlj;, *©Jbte»rt**t**« 
40 $^S 0 

[00 6 3] 2Sg©^#iH®^, $5>JcH2^i©J: 

9 l ^>±®©^»«lB#st?fflv^slB®*^!^s^t lt», *© 

««B«i©#l*»::J:oraeJ*t>©s9sa«iS^«. 

[0 0 6 4] illEfflfe5V>tt^#«|^.pItiffl© 

*^li•«*©3fca^B*^wfcsv^tt^«6**m*Kl 

tt, 5fefc*bfc*«*fl : Sr**brWPK»Ji©fll«SrK 

50 [0 0 6 5] 4fc, S^#ffl©m«IE^I*, 



(8) 



9 8 7 0 9 
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[0066] si±<ox o t£&m% : ?4 7s $ icst-r^tim 
[0 0 6 7] z<Dft^m*. XM3 i ktt&vm&u- 

(t£7 8 0nm) , 3y^^VyX3 2, 1/4 
j£ft«3 3^tf*f^9V^X3 4<fc»Jft.5flg|*5R3 5 
^)tWX3 6, ->yvKy*;WUyX3 75.0^7^- h 
y^*— K3 8 J;**— #*3 9 I- .to 

[0 0 6 8] £«>J:5&ft¥3R-m. 3tJ13 1*»f>W« 
LfcW- ■ tfttLI*. =y^— ^W-VX3 2&-jlia-t-5r 

1. 1/4SS<53 3, ^iuyX3 4 Sriii&U 7 -4 

^^ffi*»e>K#t*^S^«, St^*fffeW-VX3 4, 
l/4ifc6#t3 2&iliau if— A^y 4 1 
»-T5o f-AX/y 5-;? 4 1 tA«Lfc)EI4 > 7t- 
3j^3 9\Zfc&i*iv. *3tV>-X3 6, ->-y>- 
Ky*/WW>X3 7Sr)gr7* hV-f^-— K3 8 t?S)t 

wx3 4*3t«i*iRj aa*. a^> K&mmwi-z 

$SiBfiUI 5 2, 5 3, 5 4 »C V— »f )t*sm^-r 5 <fc 0 
[0 0 6 9] 

[0 0 7 0] Jl&ffJl 
•To 

[00 7 1] iC^Mr^^fc SK»«lJi»c. 

s& i <ommz»m 2 » ana 3 R&m 2 ©it $8iE®m 4 

t%SI«6>5S^$^-C«fiE^nTV>So -hlBSfSKDfim 
fEgUf 2tt. IioRiftW7, S& l ©ti^k**** 
IK 8 SU^m 2 OMttttfiUHR 9©3liao T#£;££ 
*U m 2 Off $&fESiyf 4 14, fB3 0Rttf*fMUftl 0. 
ffl 2 <o*B£<ffc;*mB£ 1 1 , ft 4 (DSIlMi^ 1 2 SO 5 

r^^tx-n., m i <Dtnm%mm 2 , 02<otff$gfBgui 

[00 7 2] £i\ T^^flSl^/W-:/ (mftffi) 1 



14 
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[0073] tut, r<o#y vws.\<r>if 

f*—-f 1 a^j&SnfcSK, ZnS-Si OtUSftt. 

v?£Z>mi<Dmm#i&mm7 . s b,s 

fc£SBl©tl^W1SHK8&tfZnS-S i O.jS^-fr 

1 nmmmm 2 bfc„ 

[0 0 7 4] #*3, ^10?t»^|E^Sr#l^-rS#^<O 
[00 7 5] m 1 Off #l2SkS©Jgff«^ 



0 1 ORftftfHHR 

m2<Dftm^»K 



1 3 0 nm 

2 0 nm 
1 0 0 nm 

£fc. 1 <Dm$£<fK&1&m<0&& 7 8 0 nmJCi3l'tS3fc 

[0 0 7 6] ffc 1 ©ft ffifBSfyiWlS^Wm^ (S b 2 
Se s ) ©**3efc 



n c 1 ; 4 . 4 5 
k ci ; 0. 8 2 
20 #,§.»tfcflS : 

®Jf^n a, ; 3. 9 6 
tUSHfcifck a, ; 0. 3 8 

LfcdSo-C, 1/5 (nc^na,) +kc/ka.= 
2. 4 (^10) , nci/na,+ l/5 (kc,/k 
aO = 1 . 6 (S10) -CfcSo 
[0 0 7 7) ftC i©<t 5<-LT7£/£$tW u clSl ©fit 
#IB®^±(r, 7*h^y-^- (2P) j£{CJ;o-CDfli2i 

I3©)IJlil 0 0 fimX&Zo 
30 [0 0 7 8] igSV>-C. r©a^3-ht^ ZnS-Si 

oM&itxvtezmsnmmfc&mmi 0, Ge,sb 

2 T e t Hx;-a-&<fc t) 2 ©tS^b«-3|Sf^E l 1 , z n 

s - s i osteftt k> t£zm<i<offinfc&mm 1 2 , 
a 1 x *> * 1 3 zmfrMimmm- 5 r. t t»jb 2 

[0 0 7 9] t£&s ^2<0tS#|B®S4Sr«fiei-S#€ 
©^«^;©il •) -So 

[0080H2 ©ft sialyl <ojgiff#ijjg 

^ 3 (Dm^W^m^ ■ 1 3 0 n m 
40 m 2 CD*B^ffc*t)|SHB£ : 2 2 n m 
f&4<DmW,{£&&$£ : 1 2 nm 
fcktm ■ 1 5 0 n m 

m2<Dte$ZlkMnt&<D$ig:7 8 0 nm(C*5tt5# 

[00 8 1] 02 ©ff^IESi®<D^^b«-i(SfJK (G e, 
SbJeJ ©)t^!gc 

m&r&n c, ; 5. 2 
*B«#&k c 2 ; 3. 9 7 
50 ^SW^flg : 



(9) 



9-198709 
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in a 2 ; 4 . 4 
ffi&&&k a, ; 1. 4 5 

Lfciict, (nc/na,) + (kc/kaj = 
3. 9 (^4. 0) -CfcSo 

[0 0 8 2] *L-C» i<Ol2(Dtt«|B«|^± 

m©{£SBI 6 *J&m L, #Jf #7^ W * * SrffrS Lfc 
[0 0 8 3] S&±.(T>£o\z.\,X'fel8Liifotz.&m%T4 7* 

i Lfc ttflfflte) . -t L-T, r©;fo#Hb£ftfc 

7 8 0 nm©W- tPfcfcatt-SJtSMMSfcP^fc. -© 

[0 0 8 4] Haiasw-^asrfflvvrwfcSfrfcm 

©IWMEWi* IB 2 ©flWMH«i©3l6^»tt frBlTtiS 
-To 4*5, KTJcjS-ffitf** #KH233, 3te3SH*tt» 
*jT^P*wo*«WMH!i AW (HI 2 ©ti»«iE«iUi 

©*§-&, *l©flMRWMI*3afflibr» S&2©fitffiiSSit 
^lcAWUfc)t) ©SfcacS: 1 0 0%£ Lfcfc #<Ott-CS> 
*. 

[008 5] mi ©til $&fB^©ft^#t£ 



SWRc; 12. 2% 
3tK45Z#*A c,; 25. 2 % 
3fcSi©2£T c , ; 6 2 . 6 % 

KWRa,; 6. 0% 
#KJ&#SA a , ; 1 3 . 6 % 
#3i®2?Ta, ; 8 0. 4% 
m 2 ©tt*Gfl«©%4fe4M9: 

Slt^Rc,; 2 9. 7% 
3fe®JfcJ£Ac 2 ; 6 6. 6% 

SU?Ra,; 5. 7% 
3fe®ifc2£Aa, ; 7 8. 6% 

£©J:5r:, £©#*#?*-<;**■<?«, 0i©ti»$8fB«It 
s-eKv^Siasp*^e,^-cv^©-e» r©gsi©ft$8 

fEgUf £3g5a U-CM 2 ©WaWMfc+^fcaMfc-C**: 
Alt^fSitms. IBl©1ff4M&Mr US 



10 



20 



30 



40 
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[0086] si.h©0g-oi*« & i <owmsmnnxm 2 

m 1 ©flMMMMi Sri6E«» % 2 ©flmCM & 
e»B£«M£«rfeS 4*5, ilfEffl^LT 

<, *fflMfc«r*rte. #ftK#IB©tt»t**»*»0r«J 

[0 0 8 7] %£WJ2 
#l£8fc0<J-Cffr5K Lfc^S^W * ? ©fil^SrS 5 

r©#JB*f-f;**tt. 1MM14±ic, Ml© 

1 5. 2^116, m2<Dffim.mmmi 7, 

IB3©flM1BMl 9J:9&SlB»tt4 3 
#««t $ *i, $ 6> K r. ©f5$§:gB 4 3± (cftMBt 2 0#» 
J*S*tT*J*3ft-CV*S. ±Cfl«>ff«|!ft|lS» 

ib i ofiMan 2i, ii <nftgnmwm 22, jg 

2©f|®#{fcSiBl2 3©3SKJ;oT#|j££;h,, j&2© 
ffitMEMI 1 7 tiff! 3 ©StttftfMUR 24,12 ©*B^ 
ft*m«2 5. !4^1MiK2 6©3®{CJ;o-C 
*J*£;|VO*5. JBSOftMftflBftjll 9I±, 15 

©ft*{*filHR 27, 13 ©ttXfcttttflK 2 8, 1 6 © 

ttTV^. £©*«*?*-i* *Bl©flMMBflMI 
1 5, JB2©fflT*MBMl 7 2&U t S&3©ffi$&iB®yf 1 9 

r © J; 5 ttfllj£©#JI%?*4' *9 «r£*T© J; 5 LTf£ 

[0 0 8 8] *T, 7* A~-7 1 

4 a *5^$iL/c5Hy*— hS«l 4&/81CL. 

[0 0 8 9] ttt, i©J^y*— hS«l 4© 
if/v—-f 14a Z n S - S i 0 2 )!S 

«*J:5*SIBl©ll«*«Wi2 1. SbiSe^TC 

^<t 5 45111 (oftmmnm 2 2 ns-si 

OiS^fle J: 9 4512 ©BMKttftWR 2 3 frffiftlfi* 
»J*i"5 r. t -CIB 1 ©it«IE«ta 1 5 *r»rit Lfc. 
[0 0 9 0] 4*J, £ 1 ©if $8fESUi 1 5 £*8fi£-f-5# 

^ ©j,Ui;ttj5c©ai 9 -e#> 5o 

[009 1] f 1 ©1t«|2®S©K»*^ 



50 



S& 1 ©R«mRKK 

1 1 ©ttSflstttUR 
IB2©««f«Si«8l 



13 0 nm 
2 0 nm 
1 0 0 nm 
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[0 0 9 2] ^10ffi«|5®®<Dtt^b»)tSHg (Sb, 
S e 3 ) <D%^J£$l. 
JSAfttt : 

SJf^n Ci ; 4. 4 5 
mS^ISk c, ; 0. 8 2 

®#r^n a, ; 3. 9 6 
m$t&$tk a, ; 0. 3 8 

Lfc^ot, 1/5 (nc,/na,) 4- (kc,/k 
a,) =2. 4 (<10) , (nc/na,) +1/5 
(kc/ka,) =1. 6 (^10) t?fc^ 0 
[009 3]j9cJC. rO±5KLT^J&£;h,fc$Bl<Otif 

f&fs^ui-hi;:, (2P) ffitd^o-cma 

W^coeC^ld; 1 0 0 y m-efcs. 
[0 0 9 4] fLT, -©Sif 1 6_hl~. _h|Eg510> 
flMMBMIl 5 i (^«<D«-i|Sf, KJP*^-e^2<D««|E 
«IUf 1 7Sr^bfc 0 

* — >*^-fZ>mwm 1 8 Srff $ 1 0 0 At mtML, 
$?>{cr<OSK® 1 8_h{C, ZnS-SiO^*,): 
9*£5fJl5<Z>Hra#t£g&Bl2 7. Ge 2 Sb,Te t H7C 
-g-^<t0^5^3©^-fb^)|SHK2 8, ZnS-SiO 
(OftMiS 2 9, AUOi 

3 o zmik&mmrft-rz it-ei3 <o*t #iegt 

Ml 9&mf&Vtc 0 
[009 6] &*5, 0 3 OflMftEftJl 1 9 Sr«^1"-5# 

[0097] S3 <ommw.mm<ommmf& 

m5<DffiM#i%MB& ■ 2 0 0 nm 
% 3 OttKfttmK : 2 4 n m 
B 6 OTfiftfrf!^^ : 3 0 n m 
SWK : 1 5 0 n m 

Sg3©ffi^YW^©&fi7 8 OnrnK^ftSft 

[0098]f3 ©ffi#lE«IUi©ffl^fc*miSI (G e , 
S b.Te.) <D%^im. 

IS&T&n c, ; 5. 2 
m^OyRk c, ; 3. 9 7 

®#T^n a j ; 4. 4 
iBXfll&k a s ; 1. 4 5 

Lfc#ot, (ncs/nas) + (kcj/kaj = 
3. 9 (^4. 0) -CJfoSo 

[0 0 9 9] ^rL-T. ~£>SfS3<OtiNi&lE«iyf 1 




»5i¥9-l 9 8 7 0 9 



18 

[0 10 0] Z.<D±o\cl,Xi¥)$.&thtcg'myty t '(X? 
ko^t. *3fefiaji-efflv^c<ot^«(D)t^^v^ 

(ftMMM!&) -eOttft7 8 0 nmOI/-f 

taw-sat*, *bmji*. ttaror*, *jvwt©flNi 

B«HfcA*#Lfc# (SS2<Z>tf$SfEI§Ui, SB3<Dffi$ft|B 

LT, *5W«*eMfc:A**L*:3fe> CD&g£10 0% 

[OlOUIl Ol*4te*JI<K>3fe¥4M£ 

KWRc, ; 1 2. 2% 
MWAc, ; 2 5. 2% 
JfcJgjSsjST Cl ; 62. 6% 

£«$Ra,; 6. 0% 
20 JtKiR^A a,; 13. 6 % 
#Si&2£T a , ; 8 0 . 4 % 
SI 2 0ffi«MBft«C>3fc5*#tt 
IftAff : 

^Rc,; 12. 2% 
3fcK4Z*Ac 2 : 2 5. 2% 
#3iia#SA a , ; 6 2 . 6 % 

SH^Ra, ; 6. 0% 
30 )te®lt5i2$A a , : 1 3 . 6 % 
fti&iS^T a,; 80. 4 % 

jsajb : 

Stt*R c, ; 3 7. 4% 
3tKlK^Ac s ; 6 0. 9% 
#AV«* : 

K£t*Ra, ; 1 3. 0% 
JtKiR^Ta, ; 7 8. 8% 

i*tfe«-JB*3»iBbr*3©««ia«lK:-H»ft8MC-e 

[0 10 2] gg»M3 
50 SiefetoWftASil.. S&fci©|E«WJ:fc«flUS#JB 
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i <o&m#&mm. m 1 <D#&i&mttutim 2 <omm 

■5„ ^©^JlftT^^-m, SB 1 ©fimiESUH-illB 

[0 1 0 3 J *i\ ?4*9WZ-irAr--f (3gf*lif) # 

[01041 <E: UT, r <E>&E-tt£, ZnS-SiO, 
S^#<i:9ft5S&l©P®#fi^B£. Ge 2 Sb 2 Te 6 
HTC^i *) ttzm 1 Wtl^-ffcrtmK. Z n S - S i O 

[0105] ft*5. mi ©«$ft!E@^£^£i-5#;i<o 

[0106] 2 <omms.»m (DmmmfS. 
mi<omni*&mm ■■ 1 1 0 nm 
m 1 (onmm&m ■■ 2 0 n m 

if! 2 OflimttftHR : 1 6 0 nm 

+i^b#^K©iKft 7 8 0 nmjC*5ltS^S!B: 

[01071*1 ©fit ttCMOflgfctmfle (G e , 

Sb.Te.) (Dft&fem. 
ttSittm : 
B#f45n c, ; 5. 2 
?B««Sck c, I 3. 9 7 

®#T^n a, ; 4. 4 

mmmmk a,; 1. 45 

L^oT, 1/5 (nc/na.) + (kc,/k 
a,) =3. 0 (^10) , (nc./na.) +1/5 
(kc/ka,) =1. 7 (^10) -e$>5 0 
[0 10 8] ftt, r©J:5(-bT^$^c^l<Dlff 
$BiE«iyt_kfc. 7* bTtfy-r- (2P) telcJcoTHQiQi 

roJ5$ttl 0 0 /im-e$>5o 
[0 10 9]^T, Z.<Dmwm±i^ ZnS-SiO 
,«I^J:t)i5f3©iiMS^ Ge 2 Sb 2 Te, 
Htc-£-&£ 9 45g2 <D*B^-fb$t)|SfBL Z n S - S i O 
,2g-&#«fc 9 &5SB4 ©fStttttfc^BI, A 1 «fc 9 

[oiio] ^e*5, m2(omm.mmm^mm-r^m<o 

[01111*2 (Dlf«|E^S©I^P«^ 
JB3«>gi1B{f:«HK : 1 3 0 nm 




&ffl¥-9-l 9 8 7 0 9 



20 

m 2 <ommttti&ti& ■ l 8 n m 

S&4 coK«#i*^B£ : 1 4 n m 
■ 1 5 0 n m 

*fc, *B^b«-^<OftS 7 8 0 nmlC*5lt53fe^m 

[0 1121 fg2<om&ft.®im<omm<mwm (Ge* 

Sb,Te s ) <D?t¥im. 
®#f^n c 2 ; 5. 2 

io ffim&M* C2 ; 3. 9 7 

®#T^n a, ; 4 . 4 
S««ka,; 1.4 5 

Lfc^ot, (nc 2 /na 2 ) + (kc 2 /ka 2 ) = 
3. 9 (^4. 0) -C*>5» 

[0 113] ^lt, z.<Dm2<Dtfm%zfm± 

[0 114] i©«t 5 KLTffr££*Ufc^f}fcx 
20 icovvc, 5I^S'P!Il-CfflV^fc^Di:l^alK>)t^SrffiV^T 

(ISftlWKW -e©&^7 8 0 nm<OW— !P3fctC*fi-5 

ia®s^AJHuyt)t (m2<omm&mm<om&. mio 
[oils] mi<offi®m3m<ox¥&m 

30 J&HigB : 

SWRc, ; 2 6. 5% 
3fe@iJR^A c,; 59. 3 % 
ftSi^Tc, ; 1 4. 0% 

SJW^R a , ; 6 . 7 % 
ftSMX^A a , ; 5 0 . 0 % 
JfeSol^Ta, ; 4 2. 4% 
* 2 ©tit «ia®ui ©3fc##tt 
ffe&U ■■ 

40 j£Ag|S = 

SW^R c,;26. 4 % 
3feKfR2?A 0,168. 9 % 

SW^R a,;10. 6 % 
3tK45t^A a,; 72. 4 % 

^m^PxT* 2 Off «|E^S-CtDKW^t>/h$ V^fc 

50 ib, &2<Dmm.wffl%frb\±^-fttem&m^mmmh 



(12) 



VffflW-9 - 1 9 8 7 0 9 
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[0 1161 ft**, z<Dm<D&ftm»<Di£Mfrbi>. m 

[0 117] 

oT, _hl5SK»«{i!l^t>'>^< tfe 1^BCD*#IH& 
[0118] z.<r>&bt£2rm% s T-< ^-ete, if #15®: 

[0 1191 tfe, &93S«fl!ia : >k4>* < £ t> 1 € B © 



22 



* fc&it-esft-rs r t*st?#-5o Lfe^ot, use© 
[0®©fS¥fctftW] 

[01] Mtrnc/na.2: U »kc>/k a, 
i LT, ^Sft^ft^On ci, na„ kc„ ka, 

[0 2] tit«ft£rn c./n a,i: Sltt^k c 2 /k a, 
t Lt, #Htl&ft2$*#© n c„ n a 2 , k c 2 , k a 2 
10 fcT'ci y Y Lfc#ttH-C*>«. 

[03] **©3fe3M^©«fefcfflV<»fc3ft* 

[04] *»9i«rafflUfc*»3tf-f ^^©l*j*«Sr 

-t-efffi0-efc-5 o 

l«F*©«8BJ 

1 , 14 

2, 4, 5, 15, 17, 4 3 fiNSlE^UI 

20 3, i6, is mwm 

5, 4 3 



[01] 



[02] 



(nci/n«i ) + l/5(koi/ka| ) = 10 
50 




o o o a o 

o o o o 

1/5< nci/no i )+( kci /k«i )=10 



10 20 30 



40 50 



10 



•: Ge2S b2Te5< 685 nra) 
A:8e2Sb2Te5(780nni> 




20 



nej/n 82 



30 40^ 50 

( ncz/nezJ + C kC2/k«z)-4 



(13) 



9 8 7 0 9 



imS] [134] 





#53^9- 1 9 8 7 0 9 



(72)&wm mm «je 

*jCfPp p p;i|^bfPpJII6Tg 7 #35-^ 



